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Chapter 4 — The Periodic Table

4.1 (1

In 100 atoms of gallium there are:

60 atoms of mass 69 = 60 x 69 = 4140
40 atoms of mass 71 =40 x 71 = 2840

Total mass of 100 atoms = 6980
Average mass of 1 atom = 698

Answer: Relative atomic mass of gallium = 69.8

4.5 (b) (iii)
In 100 atoms of copper there are:
70 atoms of mass 63 =70 X 63 = 4410

30 atoms of mass 65 =30 x 65 =1950

Total mass of 100 atoms = 6360
Average mass of 1 atom = 63.6

Answer: Relative atomic mass of copper = 63.6
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Chapter 9 - The Mole Concept

9.1
Since a sulfur atom (A, = 32) weighs twice as much as an oxygen atom (A, = 16), 32 g of

sulfur atoms and 16 g of oxygen atoms both contain the same number of atoms.
Answer: 32 g

9.2
(a) 1 moleof Hatoms=1g

1 mole of H, molecules=2x1=2g.
(b) 1 mole of N atoms=14 g

1 mole of N, molecules=2 x 14 =28 g
(¢) 1 moleof O atoms=16¢g

1 mole of O; molecules=2x 16=32 ¢
(d) 1 mole of Clatoms=35.5¢g

1 mole of Ch molecules =2 x35.5=71 g
(e) 1 mole of Fatoms=19 g

1 mole of F, molecules =2 %X 19 =38 g
(f) 1 mole of Bratoms=80g

1 mole of Br, molecules =2 % 80 = 160 g

9.3 NOTE Relative Molecular Mass has NO units!

(a) Relative Molecular Mass H,SO4 =(2 % 1)+ 32+ (4 x 16)
=2+32+64
=98

(b) Relative Molecular Mass CO, =12+ (2 X 16)
=12+32
=44

(c) Relative Molecular Mass HI =1 + 127
=128

(d) Relative Molecular Mass NaCl =23 + 35.5
=58.5

(e) Relative Molecular Mass AlBr; =27 + (3 x 80)
=27+ 240
=267

(f) Relative Molecular Mass SO, =32 + (2 x 16)
=32+32
=64

This document is available free of charge on § stUdocu

Downloaded by thomas donnay (kunal.ucluhsoc@gmail.com)


https://www.studocu.com/en-gb?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=chemistry-live-complete-textbook-in-full

Chemistry Live! — Worked Solutions

(g) Relative Molecular Mass CuCO3; = 63.5 + 12 + (3 x 16)
=63.5+12+48
=123.5

(h) Relative Molecular Mass Na,CO3 = (2 x23)+ 12 + (3 X 16)
=46+ 12 + 48
=106

(i) Relative Molecular Mass NaOH =23 + 16 + 1
=40

(j) Relative Molecular Mass NO3; = 14 + (3 x 16)
=14+ 48
=62

(k) Relative Molecular Mass Na,CO3.10 H,O = (2 x 23) +12 + (3 x 16) + (10 % 18)
=46+ 12+48+ 180
=286

() Relative Molecular Mass Ca3(PO4)> = (3 x 40) + (2 x31) + (8 X 16)
=120+ 62 + 128
=310

(m) Relative Molecular Mass FeSO4.7H,O = 56 + 32 + (4 x 16) + (7 x 18)
=56+32+64+126
=278

(n) Relative Molecular Mass C1,H001; = (12 x 12) + (22 x 1) + (11 X 16)
=144+22+176

=342
9.4
(a) Mass 69
Number of moles of Na = = =3
Relative Atomic Mass 23
(b) Mass 162.5
Number of moles of Zn = = =25
Relative Atomic Mass 65
(c) Mass 6.5
Number of moles of Cr = = =0.125

Relative Atomic Mass 52
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) Mass 254
Number of moles of Cu = = =4
Relative Atomic Mass 63.5

(e) Mass 31.05
Number of moles of Pb = = = 0.15

Relative Atomic Mass 207

9.5
(a) Relative Molecular Mass O, =2 x 16 =32

Mass 192
Number of moles of O, = = =6
Relative Molecular Mass 32

(b) Relative Molecular Mass Br, =2 x 80 = 160

Mass 4
Number of moles of Br, = = =0.025
Relative Molecular Mass 160

(¢) Relative Molecular Mass N, =2 x 14 =28

Mass 140
Number of moles of N, = = =5
Relative Molecular Mass 28

(d) Relative Molecular Mass CO =12 +16 =28

Mass 56
Number of moles of CO = = =2
Relative Molecular Mass 28

(e) Relative Molecular Mass CoHy = (2 x 12) + (4 x 1) =24 + 4 =28

Mass 0.7
Number of moles of C;Hy =

=0.025

Relative Molecular Mass 28
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(f)  Relative Molecular Mass SO4*" =32 + (4 X 16) =32 + 64 = 96

Mass 9.6
Number of moles of SO4>" = = =0.1
Rel molecular mass 96
9.6
(a) 1 mole of C contains 6 X 10** atoms
0.54 mole of C contains 0.54 x 6 x 10%* atoms
=3.24 x 10>* atoms
(b) 1 mole of Sn contains 6 X 10> atoms
1.24 moles of Sn contain 1.24 x 6 x 10** atoms
=7.44 x 10> atoms
(c) 1 mole of Zn contains 6 x 10> atoms
6.2 moles of Zn contain 6.2 x 6 x 10> atoms
=3.72 x 10** atoms
(d) 1 mole of Fe contains 6 x 10** atoms
200 moles of Fe contain 200 x 6 x 10** atoms
= 1.2 x 10%° atoms
(e) 1 mole of Ag contains 6 X 10** atoms
5 x 10 mole of Ag contains 5 X 10~ x 6 x 10> atoms
=3 x 10" atoms
9.7
(a) 1 mole of Al contains 6 x 10** atoms

i.e. 27 g of Al contain 6 x 10> atoms

6 x 10%
1 g of Al contains ——— atoms
27
54 x 6 % 10%
54 g of Al contain ——— atoms
27

=1.2 x 10** atoms
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(b) 1 mole of Ag contains 6 x 10 atoms
ie. 108 g of Ag contain 6 x 10> atoms

6% 10>
1 g of Ag contains —— atoms
108
168 x 6 x 10%
168 g of Ag contain atoms
108

=9.33 x 10%* atoms

(c) 1 mole of Mg contains 6 % 10 atoms
i.e. 24 g of Mg contain 6 x 10** atoms

6 x 107
1 g of Mg contains ——  atoms
24
96 x 6 x 10>
96 g of Mg contain atoms
24

=2.4 x 10** atoms

(d) 1 mole of Fe contains 6 x 10%* atoms
i.e. 56 g of Fe contain 6 x 10** atoms

6 x 10%
1 g of Fe contains ——— atoms
56
3.36 x 6 x 107
3.36 g of Fe contain atoms
56

= 3.6 x 10%? atoms
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(e) 1 mole of C contains 6 x 10> atoms
i.e. 12 g of C contain 6 x 10> atoms

6% 10>
1 g of C contains —— atoms
12

0.12x 6 x 10%
0.12 g of C contains atoms
12

=6 x 10%! atoms

9.8
(a) 6 x 10** atoms of C = 1 mole
1
l atomof C= — mole
6 x 10*3
5x10%
5% 10** atoms of C=—— mole
6 x 10%°
= 8.33 moles

(b) 6 x 10% atoms of Zn = 1 mole

1
1 atom of Zn= —— mole
6 x 10%
8 x 10%¢
8 x 10? atoms of Zn= —— mole
6 x 10%

=1.33 x 10° moles
(¢) 6 x 10** atoms of Au = 1 mole
1

1 atom of Au= —— mole
6 x10%
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2.6x10"
2.6 x10'? atoms of Au=————  mole
6 x 10
=4.33 x 10 "2 mole

(d) 6 x 10 atoms of Ag=1mole

1
l atomof Ag= —— mole
6% 107
9.8 x 10%
9.8 x 10*7 atoms of Ag=———— mole
6% 10>

=1.63 x 10* moles

(e) 6 x 10** atoms of Mg = 1 mole

1
1 atom of Mg = — mole
6 x 10%
1.3 x 10°
1.3 x 10° atoms of Mg=———— mole
6 x 107

=2.17 x 10"'® mole
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Chapter 10 - Properties of Gases

10.1
Given
Vi=75cm’
p1 =900 kPa
T;=20°C+273=293 K
p1Vi p2Va
T T,
900 x 75 100 x V,
293 273
900 x 75 % 273
O V2 =
293 x 100
= 628.92 cm’
10.2
Old
Vi =100 cm’
p1=1x10°Pa
T1 = T2
p1Vi P2V
T, T,

1 x10° x 100 = p, x 55

1 x10° x 100

[l P2=
55

=181818.18 Pa
=1.8x10° Pa

Vo=7?
p2 =100 kPa
T2 = 273K

New
V,=55cm’
p2=?
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10.3
Old New
Vi=5L Vy,=2
p1=9.2x 10" Nm? p2=1.01 x 10° Nm™
T,=T,
p1Vi P2Va
T T,
92 x10*x5=1.01x10>xV,
92x10*x5
0 V,=
1.01 x 10°
=455L
10.4
Old New
V;=2500 L Vy,=2
p1 =500 kPa p2=100 kPa
T, =100 °C +273 =373 K T,=20°C +273=293 K
p1Vi p2Va
T T,
500 x 2500 100 x V,
373 293
500 x 2500 x 293
[l V2 =
373 x 100
= 9819.03 L
10
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[
9]

Ratio

0]
Nitrogen + Hydrogen B Ammonia

0
N, + H, - NH;
50 cm’ 150 cm’ 100 cm®
1 : 3 : 2

The volume of the reacting gases and the volume of the gaseous product are in simple
whole number ratios as expected from Gay-Lussac’s Law of Combining Volumes.

10.6
(@

(b)

©

Rel molecular mass NH; =14+ (3 x 1) =14+3=17
i.e. Imoleof NH; =17 g
17 g of NH;3 occupy 22.4 L at s.t.p.

Mass 17
Density = = =0.76 g/L
Volume 224

Rel molecular mass N, =2 x 14 =28
i.e. I moleof N, =28 g
28 g of N, occupy 22.4 L at s.t.p.

Mass 28
Density = = =1.25¢g/L
Volume 22.4
Rel molecular mass Ch =2 x 35.5="71
ie. I mole of Ch=71¢g
71 g of CL occupy 22.4 L at s.t.p.
Mass 71
Density = = =3.17 g/L

Volume 224

11

Downloaded by thomas donnay (kunal.ucluhsoc@gmail.com)



Chemistry Live! — Worked Solutions

()

(e)

[y
=}
3

12

Rel molecular mass CHy =12+ (4 x 1) =12+4=16
i.e. 1 mole of CHy = 16g
16 g of CHy occupy 22.4 L at s.t.p.

Mass 16
Density = = =0.71 g/L
Volume 224

Rel molecular mass O, =2 x 16 =32
ie. 1 moleof O, =32 ¢
32 g of O, occupy 22.4 L at s.t.p.

Mass 32
Density = = =143 g/L
Volume 224

Rel molecular mass O; =3 X 16 =48
ie. Imoleof O3 =48 g
48 g of O3 occupy 22.4 L at s.t.p.

Mass 48
Density = = =2.14 g/L
Volume 224

200 cm’ have a mass of 1 g

1
1 cm’ hasamassof —— g
200
22,400
22,400 cm® have a massof ———— g
200
=112¢g

1.e. 22.4 L of the gas have a mass of 112g
[J Relative molecular mass of gas =112
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10.8
(d) Laboratory s.t.p.
V=332 cm’ Vo =9
p1=12x10°Pa p2=1x10°Pa
T;=100°C +273 =373 K T,=273 K
p1Vi p2Va
T, T,
1.2 x10° x 332 1 x10° x V,
373 273

1.2 x10° x 332 x 273
0 V, =

373 x 1 x 10°
= 291.59 cm’
Mass of condensed liquid =109.72 - 108.41 =131 g
Ats.t.p. 291.59 cnt’ of the vapour have a mass of 1.31g

1.31
1 cm’ of the vapour has a mass of

g
291.59

22,400 x 1.31
0 22,400 cn’ of the vapour have a mass of

291.59
=100.63 g

1.e. Relative molecular mass of liquid = 100.63
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10.10 Relative molecular mass O, =2 x 16 =32

This problem can be solved using either:
(a) Ideal Gas Equation pV =nRT

P=20kPa = 20,000 Pa

V=2
Mass in grams 20
n = number of moles = = =0.625
Rel molecular mass 32

R=8.31Jmol' K
T=25°C =25+273 =298 K

pV = nRT
nRT 0.625 x 8.31 x 298
V= = =0.0774 m* =0.0774 x 1000 L=77.4 L
p 20,000
OR
(b) Combined Gas Law p1Vi p2Va
T T,
Given s.t.p.
Vi=2cm’ Vo=224L
p1 =20 kPa p2=101.3 kPa
T1=25°C+273=298 K T,=273 K
p1Vi p2Va
T T,
20 x V; 101.3x22.4
298 273

101.3 x22.4 x 298
O Vl =

273 x 20

14
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= 12385L

1 mole of O, occupies 123.85 L under the above conditions
1.e. 32 g of O, occupies 123.85 L

123.85

1 g of O, occupies L

32

123.85 x 20
20 g of O, occupies —— — L
32

=774 L

p=101.325kPa =101,325 Pa
V=46 cm’ =46 x 10 m’
n="7?

R=831Jmol' K!
T=100°C+273 =373 K

pV = nRT
pV

n e
RT

101,325 x 46 x 10°°

8.31 x 373
=1.504 x 10 moles
i.e. 1.504 x 10 moles = 0.16 g
0.16
1 mole of liquid = ———
1.504 x 10°
=106.38

i.e. Relative molecular mass of liquid = 106

15
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10.12

p=100.5 kPa = 100,500 Pa
V=127cm’ =127 x 10 m’
n="?
R=8.31Jmol' K
T=98°C+273=371K
pV = nRT

pV
n = e—_

RT

100,500 x 127 x 10°¢

8.31 x 371
=4.14 x 10 mole
ie.4.14 x 107 mole = 0495 g
0.495
1 mole of liquid =
414 x 107
=119.57
i.e. Relative molecular mass of liquid = 120
16
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Chapter 11 - Stoichiometry

11.1
(a) Relative molecular mass MgO =24 + 16 =40
24
% Mg = x 100 = 60%
40
16
%0 = x 100 =40%
40

(b) Relative molecular mass AbOz = (2 x 27) + (3 X 16) =54 + 48 =102

54

% Al = x 100 = 52.94%
102
48

%0 = x 100 =47.06%
102

(c) Relative molecular mass MgSO4 =24 + 32 + (4 x 16) =24+ 32+ 64 =120

24
% Mg = x 100 =20%
120
32
%S = x 100 =26.67%
120
64
%0 = x 100 = 53.33%
120

17
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(d) Relative molecular mass CaCO3; =40 + 12+ (3 x 16) =40 + 12 + 48 = 100

40
% Ca = x 100 = 40%
100
12
%C = x 100 = 12%
100
48
%0 = x 100 = 48%
100

(e) Relative molecular mass NaCl =23 + 35.5 =58.5

23

% Na = x 100 =39.32%
58.5
35.5

% Cl = x 100 = 60.68%
58.5

(f) Relative molecular mass (NH4)>,SO4 = (2 X 14) + (8 X 1) + 32 + (4 X 16)

—28+8+32+ 64
=132
28
%N = x 100 =21.21%
132
8
%H = x 100 = 6.06%
132
32
%S = x 100 = 24.24%
132
64
%0 = x 100 = 48.48%
132

18
This document is available free of charge on § stUdocu

Downloaded by thomas donnay (kunal.ucluhsoc@gmail.com)


https://www.studocu.com/en-gb?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=chemistry-live-complete-textbook-in-full

Chemistry Live! — Worked Solutions

(g) Relative molecular mass (COOH), = (2 x 12) + (4 x 16) + (2 x 1)

% C

%H

% O

=24+ 64+ 2
=90
24
x 100 = 26.67%
90
2
x 100 =2.22%
90
64

x 100 ="71.11%
90

(h) Relative molecular mass CH;COOH =12+ (3 x 1) +12+ (2 x 16) + 1

% C

%H

% O

=12+3+12+32+1
=60

24
x 100 = 40%

60

4

x 100 =6.67%
60

32

x 100 = 53.33%
60

(i) Relative molecular mass Pb(NO3), =207 + (2 X 14) + (6 X 16)

% Pb =

%N

% O

=207 +28 +96
=331

207
x 100 = 62.54%

331

28

x 100 = 8.46%
331

96
x 100 =29%

331

19
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(j) Relative molecular mass KHCO3; =39 + 1 + 12 + (3 x 16)
=39+1+12+48

=100
39

%K = x 100 = 39%
100
12

%C = x 100 = 12%
100
1

%H = x 100 = 1%
100
48

%0 = x 100 = 48%
100

11.2

Relative molecular mass NHsNO3; = 14 + (1 x 4) + 14 + (16 x 3)
=14+4+14+48

=80
28
%N = x 100 =35 %
80
Relative molecular mass (NH)2SO4 = (14 X 2) + (1 X 8) + 32 + (16 % 4)
=28+8+32+64
=132
28
%N = x100=21.21 %
132

Relative molecular mass (NH;),CO = (14 x 2) + (1 x4) + 12+ 16
=28+4+12+16
=60

28

%N = x 100 =46.67 %

60
Urea (NH,),CO contains the highest % of N.

20
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11.3

C¢Hg :- Empirical formula = CH
C,H40; - Empirical formula = CH,O
C3HsO3 - Empirical formula = CH,O

114
Molecular Formula = empirical formula X n
60 = (N,H4CO) x n
60=[(14x2)+(1x4)+12+16]n
60=(28+4+12+16)n
60 = 60n
n=1
[J Molecular Formula = (N,H4CO) x 1
= N2H4CO
11.5
(a)
Element Percentage Percentage Simplest ratio
(divide by 3.31)
Rel. At. Mass
Nitrogen 47 47 3.36
— =3.36 — =1
14 3.31
Oxygen 53 53 3.31
—=3.31 — =1
16 3.31
i.e. Empirical formula = NO
(b)
Element Percentage Percentage Simplest ratio
(divide by 2.18)
Rel. At. Mass
Nitrogen 30.5 30.5 2.18
— =2.18 — =1
14 2.18
Oxygen 69.5 69.5 4.34
—=434 — =2
16 2.18

i.e. Empirical formula = NO,
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(©)
Element Percentage Percentage Simplest ratio
(divide by 6.25)
Rel. At. Mass
Carbon 75 75 6.25
— =6.25 — =1
12 6.25
Hydrogen 25 25 25
—=25 — =4
1 6.25
i.e. Empirical formula = CHy
@
Element Percentage Percentage Simplest ratio
(divide by 7.14)
Rel. At. Mass
Carbon 85.7 85.7 7.14
— =7.14 — =1
12 7.14
Hydrogen 14.3 14.3 14.3
—=143 — =2
1 7.14
i.e. Empirical formula = CH,
O]
Element Percentage Percentage Simplest ratio
(divide by 0.62)
Rel. At. Mass
[ron 34.5 34.5 0.62
— =0.62 — =1
56 0.62
Chlorine 65.5 65.5 1.85
—=1.85 —=3
35.5 0.62
i.e. Empirical formula = FeCk
®
Element Percentage Percentage Simplest ratio
(divide by 7.7)
Rel. At. Mass
Carbon 923 92.3 7.69
— =7.69 — =1
12 7.7
Hydrogen 7.7 7.7 7.7
—=7.17 — =1
1 7.7
i.e. Empirical formula = CH
22
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(®
Element Percentage Percentage Simplest ratio
(divide by 1.25)
Rel. At. Mass
Sulphur 40 40 1.25
— =1.25 — =1
32 1.25
Oxygen 60 60 3.75
—=3.75 — =3
16 1.25
i.e. Empirical formula = SOs
(b
Element Percentage Percentage Simplest ratio
(divide by 1.56)
Rel. At. Mass
Sulphur 50 50 1.56
— =1.56 — =
32 1.56
Oxygen 50 50 3.13
—=3.13 — =2
16 1.56
i.e. Empirical formula = SO,
(@
Element Percentage Percentage Simplest ratio
(divide by 0.52)
Rel. At. Mass
Potassium 40.2 40.2 1.03
— =1.03 — =2
39 0.52
Chromium 26.9 26.9 0.52
— =0.52 — =1
52 0.52
Oxygen 329 329 2.06
—=12.06 — =4
16 0.52

i.e. Empirical formula = K,CrO4
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()
Element Percentage Percentage Simplest ratio | Multiply by 2
————— (divide by 0.68) | to get whole
Rel. At. Mass numbers.
Potassium 26.6 26.6 0.68 1x2=2
— =0.68 — =1
39 0.68
Chromium 354 35.4 0.68 1x2=2
— =0.68 — =1
52 0.68
Oxygen 38 38 2.38 3.5x2=7
— =238 — =35
16 0.68
i.e. Empirical formula = K,Cr,O
(k)
Element Percentage Percentage Simplest ratio
(divide by 0.54)
Rel. At. Mass
Copper 34.6 34.6 0.54
— =0.54 — =1
63.5 0.54
Iron 30.5 30.5 0.54
— =0.54 — =1
56 0.54
Sulphur 34.9 34.9 1.09
—=1.09 — =2
32 0.54
i.e. Empirical formula = CuFeS;
11.6
Element Percentage Percentage Simplest ratio
(divide by 0.35)
Rel. At. Mass
Carbon 4.2 4.2 0.35
— =035 — =
12 0.35
Oxygen 16.8 16.8 1.05
— =1.05 — =3
16 0.35
Sodium 16.1 16.1 0.7
— =07 — =2
23 0.35
Water 62.9 62.9 3.49
—=3.49 — =10
18 0.35
i.e. Empirical formula = Na,CO3.10H,O
24
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[
[
|

[y
[
(= -]

calcium + oxygen J [J [J — calcium oxide

2g 28¢g
mass of calcium=2 g

mass of calcium oxide =2.8 g

mass of oxygen in calcium oxide=2.8-2=0.8 g

mass
number of moles of calcium in calcium oxide =

Rel. atomic mass

2
— =0.05
40

mass

number of moles of oxygen in calcium oxide =
Rel. atomic mass

0.8
— =0.05
16

RatioofCa: 0= 005:005=1:1
[ Empirical Formula = CaO

aluminium + oxygen [J [J [1 — aluminium oxide
27¢ 51g
mass of aluminium =2.7 g
mass of aluminium oxide =5.1 g
mass of oxygen in aluminium oxide =5.1-2.7=2.4g¢g

mass
number of moles of aluminium in aluminium oxide =

Rel. atomic mass

2.7
= —— =01
27

mass

number of moles of oxygen in aluminium oxide =
Rel. atomic mass

24
= —— =0.15
16

Ratioof A1: O= 0.1:0.15=2:3
[J Empirical Formula = ALO3

25
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11.9
MgS0O4.xH,O odno - MgS0O4 + xH,O
41¢g 20¢g
mass of MgSO, =2 g
mass of MgSO4.xH,O =4.1g
mass of H,O in MgSO4.xH,O0=4.1-2=21¢g
Rel. mol. mass MgSO4 =24 + 32 + (16 x 4)

=24+32+64=120

Rel. mol. mass H,O = (1 x2)+ 16 =18

mass

number of moles of MgSO, in MgSO,4.xH,0 =
Rel. mol. mass

2
= — =0.0167
120

mass
number of moles of water MgSO4.xH,0 =

Rel. mol. mass

2.1
= —— =0.1167
18
Ratio of MgSO4 : HbO=0.0167:0.1167=1:7
0 MgSO4. 7H,0 is the formula of the hydrated salt.
i.e. Degree of hydration =7

MO OOO- M+ %0,
53¢ 424 ¢

mass of metal oxide=53 g
mass of metal =4.24 g
mass of oxygen =5.3-4.24=1.06¢g

mass
number of moles of O, =

Rel. mol. mass

1.06
= —— =0.0663
16

Since in the compound MO the ratioM : O=1: 1
U number of moles of metal = 0.0663
i.e. 0.0663 moles of M =4.24 g
4.24
I mole of M = ———
0.0663

=63.95= 64

1.e. Relative atomic mass of M = 64

26
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Rel. mol. mass FeCk = 56 + (35.5 x 3)
=56+106.5=162.5

2Fe +3ChL O 0O 0O - 2FeCls
2Fe 000 - 2FeCl;  (shortened version of equation)
2moles 00O - 2moles
2(56)g OO0 - 2(162.5) g
ie. 112gFeU U0 - 325 gFeCls

325
lgFe OO0 - ——g FeCls
112
20 x 325
20gFe OO0 - —gFeCl3
112

=58.04 g FeCls

Rel. mol. mass SO, =32 + (16 x 2)
=32+32=064

Rel. mol. mass SOz =32 + (16 % 3)
=32+48 =280

2SO0, + O, 000 - 2S03
250, U 0O O - 2S0s; (shortened version of equation)
2moles [ 00O - 2moles
2(64) g gdd - 2®80)g
ie. 128gS0O, OO0 - 160 g SO3

160
1gSO, OO0 - —gSO;
128
200 x 160
200280, 000 - —— SO0;
128
=250 g SO;

27
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Rel. mol. mass CgHi206 = (12 % 6) + (1 X 12) + (16 X 6)
— 72+ 12+ 96 =180

Rel. mol. mass C;HsOH = (12 X 2) + (1 X 5) + 16 + 1
=24+5+16+1=46

C¢H,O¢ U OO O - 2C,HsOH + 2CO,
Ce¢H1206 U 00O - 2C,HsOH (shortened version of equation)
I mole J OO - 2moles
180g UUU - 2(46)¢g
re. 180 g C6H1206 g - 92 g C2H50

92
lg C6H1206 god - gC2H50H
180
25 %92
25 g C6H1206 oo - 7gC2H5OH
180
=12.78 g C;HsOH

Rel. mol. mass CaCOs= 40 + 12 + (16 x 3)
=40+ 12+48=100

CaCO; 00O 0O - CaO + CO,
CaCO; J OO - CO;  (shortened version of equation)
I mole OO — 1mole

1.e. 100 g CaCO; U O - 224 L of CO; at s.t.p.

22.4
L of CO,

l1gCaCO; 0000 -
100

25x22.4

2.5¢CaCO; 000 - —— L of CO,
100

= 0.56 L of CO,
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11.15
Relative mol. mass NaHCO; =23 + 1 +12 + (16 x 3)
=23+1+12+48=284

2NaHCO; 000 - CO; + Na,COs3 + 2H,0
2NaHCO; U 0O O - CO; (shortened version of equation)
2moles 1 [0 0 - 1 mole
2@4) g0 - 224L
i.e. 168 g NaHCO; U U U - 224 L of CO; at s.t.p.
168 g NaHCO; O U [ — 22,400cm3 CO; ats.t.p.

168
gNaHCO; 000 - 1 em’® CO,
22,400
800 x 168
gNaHCO; 000 - 800 cm® CO»
22,400
=6 g NaHCO;3;
11.16

Relative mol. mass H,O, = (1 x 2) + (16 x 2)
=2+32=34

2H,0, U000 - 2H,O + 0O,
2H,0, U 0O O — O, (shortened version of equation)
2moles [J 0O - 1 mole
2(34)g 000 - 224L
1e. 68 gH,O, U U 0O - 224 L of Oy ats.t.p.

22.4
lgH202 ogdgd - —L0f02
68
21 x22.4
21gH202 god - 7L0f02
68

=6.92 L of O,

29
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Chapter 13 - Volumetric Analysis: Acid - Base

13.1
148
% wiwsalt= —— x100=11.38%
1300
OR
1300 g of solution contains 148 g of salt
148
1 gcontains ——— g ofsalt
1300
148
100 g contains x 100=11.38%
1300
% w/w salt = 11.38%
13.2

(a) 0.75 g/ L=0.75 % 1000 mg/L
=750 mg/L
=750 ppm

(b) 0.06 g/ L =0.06 x 1000 mg/L

=60 mg/L
= 60 ppm

(¢) 0.017g/100cm’ =0.017 x 10 g/L
=0.17 g/L
0.17 x 1000 mg/L

=170 mg/L
170 ppm

(d) 0.0003g/ 100cm’® = 0.0003 x 10 g/L
=0.003g/L
=0.003 x 1000 mg/L
=3mg/L
=3 ppm

13.3

(a) Rel. mol mass NaOH =23 + 16+ 1 =40
[J 1 M NaOH =40 g/L

30
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(b) Rel. mol mass KOH =39+ 16+ 1 =56
IMKOH=56g/L
2MKOH= (56x2)g /L
=112 g/L

(¢) Rel. mol mass HhSO4 = 2(1) + 32 + 4(16)
—2+32+64=98
I MH,S0,=98¢g/L
0 0.125 M H,SO4 = (0.125 x 98) g / L
=1225g/L

(d) Rel. mol mass Na,CO3; = 2(23) + 12 + 3(16)
=46+ 12+48 =106
1 M Na,CO3=106g/L
0 0.01M Na,CO3 =(0.01 x 106) g/ L
=1.06 g/L

(e) Rel. mol mass HNO; =1 + 14 + 3(16)
=1+14+48=63
1 M HNO3 =63 g/L
[J 0.005 M HNO3 = (0.005 x 63) g/L
=0.315¢gL

134
(a) Rel. mol mass NaOH =23 +16+1=40

40 g NaOH in 1L of solution [1 [J [ — 1M solution

1

[J 1 gNaOH in 1L of solution [J J [ — —— M solution

40

=0.025M

(b) Rel. mol mass HhSO4 = 2(1) + 32 + 4(16)
=2+32+64=98

98 g H,SO4 in 1L of solution [ [J [1 — 1M solution

1

1g H,SO4 1n 1L of solution [J [J [J — —— M solution

98
24

24g HSO4 in 1L of solution J [1 [J — —— M solution

98

24¢ H,SO4 in 500cm’ of solution 0 0 O —

24 x 2
M solution
98

=049 M

31
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(¢) Rel. mol mass HCl1=1 +35.5=36.5
36.5 gHCl in 1L of solution [J [ [J — 1M solution

1

Ig HClin 1L of solution [J [0 [J - —— M solution
36.5
22
22 g HClin 1L of solution [J [J [ — —— M solution
36.5
22 x5
22g HCl in 200cm’ of solution 0 0 O — M solution
36.5
=301 M

(d) Rel. mol mass NaOH =23 + 16 + 1 =40
40 g NaOH in 1L of solution [1 [J [J — 1M solution

1
1 g NaOH in 1L of solution [J [J [J — —— M solution
40
20
20 g NaOH in 1L of solution U J J - —— M solution
40
20x 10
20g NaOH in 100cm’ of solution [ 0 0 — ——— M solution
40
=5M

(e) Rel. mol mass NaOH =23 +16+1=40
40 g NaOH in 1L of solution [1 [1 1 — 1M solution

1
1 g NaOH in 1L of solution [J [J [J — —— M solution

40
4
4 g NaOH in 1L of solution [J [J [J - —— M solution
40
4 x 1000
4 g NaOH in 1 cne® of solution 0 0 0 — ———— M solution
40
4 %1000
4 g NaOH in 750 cm’ of solution 0 0 O - —— M solution
40 x 750
=0.13M
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135

(a) Volume % Molarity
Number of moles of Hb,SO4 =

1000
25 x0.01

1000

=2.5 % 10"* moles

(b) Volume % Molarity

Number of moles of H,SO4 =
1000

18 x2.5

1000
0.045 moles

(c) Volume x Molarity
Number of moles of H,SO4 =

1000
8.7%x0.5

1000
=4.35 % 107> moles

(d) Volume X Molarity
Number of moles of H,SO4 =

1000
100 % 0.005

1000

=5 x 10* moles

(e) Volume x Molarity
Number of moles of H,b,SO4 =

1000
50 x0.09

1000

=4.5 x 107 moles

33
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13.6
Fe + H,SO, OO O - FeSO4+ H,
Volume x Molarity
Number of moles of H,SO4 =
1000
75 % 0.5
1000
=(.0375 moles

From the balanced equation, one mole of sulfuric acid reacts with one mole of iron.
0 0.0375 moles of Fe react
Rel. atomic mass Fe = 56
mass of Fe reacting = number of moles x rel. atomic mass

=0.0375 x 56
=21lg
13.7
2NaOH + H,SO4 O O O - Na,SO4 +2H,0
Volume x Molarity
Number of moles of Hb,SO4 =
1000
25%x2
1000
=0.05 moles

From the balanced equation, one mole of sulfuric acid reacts with 2 moles of
sodium hydroxide.
[ (0.05 x 2) moles = 0.1 moles of NaOH react with 0.05 moles H,SO4

Rel. mol mass NaOH =23+ 16+ 1 =40

mass of NaOH reacting = number of moles x rel. mol mass
=0.1 x 40
=4¢
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1338
Given:-

Vol g1 = 500 cm® Vol git X M git Vol cone X M cone
Mgui=025M =

Vol conc = ? 1000 1000

M cone =10 M

500 X025 = Vol conc X 10
500 x 0.25
10
=12.5cm’

i.e. 12.5 cm® of 10 M acid would have to be diluted to 500 cnr’.

13.9

Given:-

Vol 4; = 10,000 Cn’l3 Vol 41 X M 4i1 Vol cone X M cone
Mag=1M =

Vol conc = ? 1000 10006

M conc =18 M

10,000 x 1 = Vol ¢one % 18
10,000 x 1

O Vol cone =
18

=555.56 cm’

i.e. 555.56 cm® of 18 M acid would have to be diluted to 10 L.

35
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13.11
(a) Balanced equation:
H,SO4+2NaOH O 0O O - NaySO4 + 2H,0

Given: H,SOq4 NaOH
V,=11.5cm’®
MaZO.SM VaxMa Vbeb
=1 T
Vi =25 cm’ n, Ny
Mb= ?
n,=2 11.5%x0.5 25 X My,

1 2

11.5x0.5%x2
oM, =
25
= (0.46 moles/ L

(b) Rel. mol mass NaOH =23+ 16+ 1 =40

Concentration of NaOH in g/L. = number of moles/L. X rel. mol mass
=0.46 x 40
=184¢g/L

Answers (a) 0.46 moles/L
(b) 18.4 g/L

13.12
Balanced equation:
H,SO4+2NaOH O 0O 0 - NaSO4 + 2H,0

Given:-
16.7+16.8 H,SO4 NaOH
Vi=——=16.75cn?’
2
M,=0.15M Va XM, Vi X My
n, =1 R o
V=25 cm’ n, 1,
My="?
n,=2 16.75 x 0.15 25 x M,
1 2
16.75 x0.15 x 2
oM, =
25
= 0.201 moles/L
(Rel. mol mass NaOH =23 + 16 + 1 =40) =0.201 x40 g/L
=804¢g/L
36
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8.04 g NaOH / L= (8.04 / 4) g NaOH / 250 e’
= 2.01 g NaOH /250 cm’

2.01
x 100 = 80.4%

% purity of sample =
2.5

13.13
(a) Balanced equation:
CH;COOH +NaOH O 0 O - CH3COONa + H,O

25 x0.11

Given:- CH;COOH

V,=15.8 cm’

M,=7? V. x M,

ng=1 E—

Vi =25 cm’ n,

Mp,=0.11M

n,=1 15.8 x M,
1

0M, =

15.8

NaOH

Vi X My,

Iy,

25x0.11

1

= 0.174 moles/ L

[J Concentration of original solution =~ =0.174 x 5 (5 times more concentrated)
=0.87moles/L ................... (a)
= 0.87 x 60
=522gL .. (b)

M, CH;COOH=12+3(1)+12+2(16)+ 1 =12+3+12+32+1=60

Concentration of CH;COOH in w/v = 5.22 g/100 cm® = 5.22% w/v ...... (©)

Answers: (a) 0.87 moles/L
(b) 52.2 g/LL
() 5.22% wiv

37
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13.14

(@

Balanced equation:

CH3;COOH +NaOH U J O - CH3COONa + H,O

Given: CH;COOH NaOH
V, =26.55 e’
M,=7? V. XM, Vi X My
n, =1 IR = —
Vp =25 cm’ N, ny
My=0.09 M
n, =1 26.55 x M, 25 x0.09
1 1
25 x0.09
OM,= ——
26.55
= 0.0847 moles/L
[J Concentration of original solution =0.0847 x 10 (10 times more
concentrated)
=0.847moles /L .......... (a)
= 0.847 x 60
=5082g/L ..coeninn.n. (b)

M, CH;COOH=12+3(1)+12+2(16) +1=12+3+12+32+ 1 =60
Concentration of CH;COOH in w/v = 5.08 g/100 cm® = 5.08% w/v .....(c)

Answers: (a) 0.847 moles/L
(b) 50.82 g/LL
(c) 5.08% w/v

38
This document is available free of charge on § stUdocu

Downloaded by thomas donnay (kunal.ucluhsoc@gmail.com)


https://www.studocu.com/en-gb?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=chemistry-live-complete-textbook-in-full

Chemistry Live! — Worked Solutions

13.15
(a) Balanced equation:

Na,CO3; +2HCI U U 0 - 2NaCl + H,O + CO,

Given: HCl Na,COs3
V.= 29.38 c?’
=20.17 M Vax M, Vb X Mo
na = J— = —
Vp =25 cm’ n, Ny
sz ?
n, =1 29.38 x0.17 25 x M,
2 1
29.38 x0.17
OMy= ——M—
25 %2
= 0.0999 moles/L

0.0999 moles Na,CO3 xH,O/L = (0.0999 / 4) moles Na,CO3 xH,O / 250cm3
= 0.025 moles Na,CO; xH,0 / 250 cm®

1 mole Na,CO3 =2(23) + 12 +3(16)
=46+12+48=106¢g
0 0.025 moles Na,CO3 = 0.025 x 106 =2.65¢g
0 Mass of water of crystallisation = 7.16 - 2.65

=451¢g
4.51
% Water of crystallisation = x 100 =62.99%
7.16

(b) Next, calculate the value of x in the formula Na,CO3 tzO Note from above that by
dissolving 7.16 g of the crystals of NayCO3 xH,O in 250 cm® of solution, we obtain a

solution which contains 0.025 moles.
Therefore, 0.025 moles Na,CO3 xH,O= 7.16 g

7.16
1 mole Na,CO3 xH,O= —— =286.4
0.025

1.e. Rel. mol mass of Na,CO3 xH,O = 286.4
0 223)+12+3(16) +x(2 +16) =286.4
106 + 18x =286.4

solve for x
18x =180.4
x=10.02=10
i.e. formula is Na,CO3; 10H,O
Answers: (a) % Water of crystallisation = 62.99%
(b) x =10
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13.16
(a) Balanced equation:
Na,CO3 +2HCI1 0 0 O - 2NaCl + H,O + CO;,

Given: HCI Na,COs;
V,= 22.8 cm®
M,=0.11M Va X M, Vb X My,
ng=2 _ = —
Vi =25 e’ n, 1,
Mp="?
=1 22.8x0.11 25 x My
2 1
22.8x0.11
oM, =
25 %2
= 0.0502 moles/L

0.0502 moles Na,CO3; xH,O/L = (0.0502 / 2) moles Na,CO3 xH,O / 500 cm’
= 0.0251 moles Na,CO3 xH,0 / 500 cm’

1 mole Na,COs = 2(23) + 12 +3(16)
—46+12+48=106¢g
0 0.0251 moles NayCO3 = 0.0251 x 106 =2.66 g

0 Mass of water of crystallisation = 3.55 - 2.66
=0.89¢g

0.89

% Water of crystallisation = x 100 =25.07%

3.55

(b) Next, calculate the value of x in the formula Na,CO3; xH,O .Note from above that by
dissolving 3.55 g of the crystals of Na,CO3 xH,O in 500 cm?® of solution, we obtain a
solution which contains 0.0251 moles.

Therefore, 0.0251 moles Na,CO3 xH,O = 3.55 ¢

3.55

1 mole Na,CO3 xH,O = =141.43

0.0251

1.e. Rel. mol mass of Na,CO;5; xH,O = 141.43
0 2(23) + 12 + 3(16) + x(2 +16) = 141.43
106 + 18x = 141.43

solve for x 18x =35.43
x=197=2
1.e. formula is Na,CO5.2H,O
Answers: (a) % Water of crystallisation = 25.07%
(b)yx=2
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Chapter 15 Volumetric Analysis: Oxidation-Reduction

15.1
(a) Balanced equation:
MnO4 + 8H" +5Fe’ 000 - M + 5Fe*" + 4H,0

Given: MnOy4 Fe?*
V, =22.85 e’
M,=7? Vo X M, Vi X Mred
n, =1 - =
V, =25 cm’ n, n;
Mied=0.15 M
n =5 22.85 x M, 25 x%x0.15
1 5
25 x0.15
OM, =——
5%x22.85
= 0.0328 moles/L
= 0.0328 x 158 (M, KMnO4 = 158)
= 5.18g/L
Answer: (a) 0.0328 moles/L (b) 5.18¢g/L
15.2

(a) Balanced equation:
MnOy + 8H™ +5Fe* 000 - Mn®" + 5F¢’" + 4H,0

Given: MnOy4” Fe**
V, =23.45 cm’
M,=0.02 M Vo X M, Vi X Mied
=1 e
V; =25 cnn’ N, Ny
Mreqa=?
n =5 23.45 x0.02 25 X Mieq
1 5
23.45%0.02x5
O Mieq =
25
= 0.0938 moles/L
= 0.0938 x 278 (M, FeS04.7H,0 = 278)
= 26.08 g/L

Answer: (a) 0.0938 moles/L (b) 26.08 g/L
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15.3
First calculate concentration of ammonium iron(II) sulfate solution.

392 g of (NH3)»(SO4)FeS04.6H,0 in 1 L of solution 0 0 0 — 1 M solution

1
1 g of (NH4)2(SO4)FeS0O4.6H,Oin 1 L of solution [J [J J - —— M solution
392
1 x10.52
10.52 g of (NH4)2(SO4)FeS0O4.6H,0O in 1 L of solution [J [J 1 -~ ———— M solution
392
4 x10.52
10.52 g of (NH4)2(SO4)FeS0O4.6H,0 in 250 e’ ofsolution OO0 - ———— M
solution 392
=0.1073 M
Balanced equation:
MnO4 + 8H" +5Fe* 0 00 - M + 5Fe*" + 4H,0
Given:- MnO4 Fe?*
V, =23.8 cn?’
M,=? Vo X M, Vi X Mreq
n, =1 =
V, =25 cm’ n, ny
M= 0.1073 M
n =5 23.8 x M, 25x0.1073
1 5
25 x0.1073
D MO =
5x238

0.0225 moles/L (M, KMnQO4 = 158)

= 0.0225 x 158
= 356g/L
Answer: (a) 0.0225 moles/L  (b) 3.56 g/L
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15.4
(d) Balanced equation:
MnO, + 8H™ +5Fe** 000 - Mn?™ + 5Fe* + 4H,0
Given: MnO4 Fe?*
V,=21.8 cm’
M, = 0.02M Vo XM, Vi X Mred
n, = 1 =
V. =25 cm’ N, n
Mred =?
n =5 21.8 x0.02 25 X Myed
1 5
21.8 x0.02 x5
0 Mg =
25
= 0.0872 moles/L

0.0872 moles FeSO4.xH,O /L = (0.0872 / 4) moles FeSO4.xH,0 / 250 cm’
= (0.0218 moles FeSO4.xH,O / 250 cm’

i.e. by dissolving 6.08 g of the crystals of FeSO4.xH,O in 250 cm® of solution, we obtain
a solution which contains 0.0218 moles.

Therefore, 0.0218 moles FeSO4.xH,O = 6.08 g

6.08
1 mole FeSO4.xH,0 = —=278.90
0.0218

0 56 +32+4(16) +x(2 + 16) =278.90
152 + 18x =278.90
18x =126.9
x=705=7
1.e. formula is FeSO4.7H,O

Answer: x=7
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15.5
Balanced equation:
MnO4 + 8H™ +5Fe*" 000 - Mn>™ + 5Fe*™ + 4H,0

Given: MnO4 Fe?*

V, =23.85 cm’

M, =0.021 M Vo X M, V; X Myed

n, =1 E—— = —

Vied =25 e’ n, n,

Mieq = ?

n=5 23.85 % 0.021 25 X Myed
1 5

23.85x0.021 x5
0 Mred =

25
= (0.1002 moles/L

0.1002 moles (NH4), SO4FeSO4.xH,O / L =(0.1002 / 4) moles (NHs), SO4FeSO4.xH,0 /
250 cm’
= 0.0251 moles (NHy), SO4FeSO4.xH,0 /250 cm’

i.e. by dissolving 9.8 g of the crystals of (NHs)> SO4FeSO4.xH,0 in 250 cm’ of solution,
we obtain a solution which contains 0.0251 moles.

Therefore, 0.0251 moles (NHs), SO4FeSO4xH,O= 9.8 g

9.8

1 mole (NHs), SO4FeSO4.xH,O = =390.44

0.0251

0 2(14) + 8(1) + 32 + 4(16) + 56 + 32 + 4(16) +x(2 +16) = 390.44
284 + 18x = 390.44
18x =106.44
x=591=6
i.e. formula is (NHy), SO4FeSO4.6H,O
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15.6
(ii) Balanced equation:
5Fe’" +MnO4 + 8H 00O - 5Fe*™ + Mn?™ + 4H,0

Given:- MnOy4 Fe?*
Vo =20 cm’
M, = 0.02M Vo XM, Vi X Mred
n, =1 _ = —
V;: =25 cm’ N, n
Mieg=?
n =5 20 x 0.02 25 X Myeq
1 5
20 x0.02 x5
oM, =
25

= (.08 moles/L

(iii)

0.08 moles FeSO4(NHy), SO4.xH>O/L = (0.08 / 4) moles FeSO4(NHy), SO4.xH>0/250cm’
= 0.02 moles FeSO4(NH,); SO4.xH,0 / 250 cm®

i.e. by dissolving 7.84 g of the crystals of (NH,), SO4FeSO4.xH,0 in 250 cm’ of solution,
we obtain a solution which contains 0.02 moles.

Therefore, 0.02 moles (NHy), SO4FeSO4xH, 0= 7.84 g

7.84
1 mole (NHs), SO4FeSO4xH,0 = —— =392
0.02

0 56 + 32 +4(16) +2(14) + 8(1) + 32 + 4(16) + x(2 +16) = 392
284 + 18x =392
18x =108
Xx=6
i.e. formula is FeSO4(NHs4), SO4.6H,O

Answers : (i1) 0.08 moles/L (1) x=6

45

Downloaded by thomas donnay (kunal.ucluhsoc@gmail.com)



Chemistry Live! — Worked Solutions

15.7

)

(a) Balanced equation:

MnO4 + 8H' +5Fe* 000 - Mn®" + 5Fe’" + 4H,0

Given:- MnOy4” Fe?*
V,=9.15 cnt’
M,=0.01 M Vo XM, Vi X Mred
n, =1 -
V, =20 cm’ 1o D
Meqa=?
n =5 9.15%0.01 20 X Mreq
1 5
9.15x0.01 x5
[ Mred =
20
= 0.0229 moles / L
= 0.0229 x 152
= 348¢g/L

(Rel. mol mass FeSO4 = 56 + 32 +4(16) = 152)
Therefore, in the 250 ¢’ volumetric flask there are 3.48 /4 g = 0.87 g FeSOy

1.e. 5 tablets contain 0.87 g FeSOy4
[J 1 tablet contains (0.87 /5) g=0.174 g FeSO4

(b) Rel. atomic mass Fe

% of Fe in FeSO4 = x 100
Rel. mol. mass FeSOg4

56
= x 100 = 36.84%
152

[J Mass of Fe in each tablet = 36. 84% of 0.174 g

36.84

= x0.174 =0.064 g
100

() 1.69
Mass of 1 tablet =—=0.338 g
5

Mass of FeSQy in tablet

% FeSOy4 in each tablet = x 100
Mass of 1 tablet
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0.174
= x 100 = 51.48 %
0.338
Answer: (iii) (a) 0.174 g (b) 0.064 g (c) 51.48%
15.8
(iv)

(a) Balanced equation -
MnO4 + 8H" +5Fe** 000 - Mn?' + 5Fe*" + 4H,0

Given:- MnOy4” Fe?*
Vo, =4.51 cn’®
M, = 0.015M Vo XM, Vi X Mred
n, =1 =
V, =25 cm’ n, ny
Meqa=?
n =5 4.51 x0.015 25 X Mreq
1 5
451 x0.015%5
H Mieq =
25
= (0.0135 moles / L
= 0.0135 x 152
=205¢g/L

(Rel. molecular mass FeSO4 = 56 + 32 + 4(16) = 152)
Therefore, in the 250 cm® volumetric flask there are 2.05 /4 g = 0.513 g FeSOy4

i.e. 4 tablets contain 0.513 g FeSO4
[J 1 tablet contains (0.513 /4) g=0.128 g FeSO4

(b) Rel. atomic mass Fe

% of Fe in FeSO4 = x 100
Rel. mol. mass FeSO4

56
= x 100 = 36.84 %
152

[J Mass of Fe in each tablet = 36. 84 % of 0.128 g

36.84
= x0.128 =0.047 g
100
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(c) 0.96
Mass of 1 tablet =——=0.24 ¢
4

Mass of FeSOy in tablet
% FeSOy4 in each tablet = x 100
Mass of 1 tablet

0.128
= x 100 = 53.33%
0.24

Answer: (iv) (a) 0.128 g (b) 0.047 g (c) 53.33%

15.9
(a) Balanced equation:

25,03 + L+ 000 - S406% +2I

Given:- I S,05%
Vo =25 e’
M, = 0.05 M Vo X M, V; X Mred
no =1 —_— = —
V, = 18.55 cm® no e
Mieq = ?
n =2 25 % 0.05 18.55 X Myed
1 2
25 % 0.05 x 2
0 Mieqg =
18.55

= (0.1348 moles/L

= (0.1348 x 248

= 3343 g/L

(Rel molecular mass Na,S,03.5H,O = 248)
Answer: (a) 0.1348 moles/L, (b) 33.43 g/L
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15.10
™ (@)
2MnO4 + 10I' + 16H" 000 - 2Mn?" + 51, + 8H,O

L+ 28,0:> 000 - S406~ +2I
From the balanced equations, we see that 2 moles of MnO4~ produce five moles of I, and

these 5 moles of I, would then react with 10 moles of S,03>".
ie.2MnOy = 51, = 10S,0:*

Given: MnOy $,05%
Vo =25 cm’
M,=0.018 M Vo X M, Vi X Myed
n, =2 —_— = —
V:=15.6 cm’ n, n
Mred= ?
n. =10 25 x0.018 15.6 X Mieq
2 10
25x0.018 x 10
0 Mred =
2x15.6
= 0.1442 moles/L
= 0.1442 x 248
= 35.76 g/L

(Rel molecular mass Na,S,03.5H,0 = 248)
Answer: (a) 0.1442 moles/L, (b) 35.76 g/L
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15.11

(vii) (a)

ClO"+ 2I'+2H" 000 - CI +L, + H,O
28,05+, 000 - S406° +2T

From the balanced equations, we see that 1 mole of CIO™ produce 1 moles of I, and this 1

mole of I, would then react with 2 moles of S,03°".
ie. 1CIO = 11, = 28,0:%

Given: ClO $,03>
V, =25 cm’
M,=? Vo X M, Vi X Mred
n, =1 R
V, =224 e’ n, n,
Mied =0.22 M
n =2 25 x M, 22.4 x0.22
1 2
22.4%x0.22
0OM, =
2x25
= 0.0986 moles / L
0 Concentration of original solution = 0.0986 x 10 (10 times more concentrated)
=0.986 M
= 0.986 x 74.5
= 7346 g/L
=7.346 g/100 cm’
=17.35% wlv

Answer: (a) 0.986 moles/L, (b) 73.46 g/L, (c) 7.35% w/v.

(c¢) Concentration of NaClO in w/v

50

This document is available free of charge on § stUdocu

Downloaded by thomas donnay (kunal.ucluhsoc@gmail.com)


https://www.studocu.com/en-gb?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=chemistry-live-complete-textbook-in-full

Chemistry Live! — Worked Solutions

15.12
™ (a)
ClO+ 2I'+2H 000 - Cr+I, + H,O

25,052+, OO0 - S406> + 21

From the balanced equations, we see that 1 mole of CIO™ produce 1 moles of I, and this 1
mole of I would then react with 2 moles of S,03*".
ie. 1C10" = 11, = 28,0:%

Given: ClO $,05%
V, =25 e’
M,=? Vo X M, Vi X Mred
n, = 1 — = —
V, =249 +25=2495 e’ n, n,
2
Mieg=0.1 M 25 x M, 24.95 x 0.1
n =2 E— = —
1 2
24.95 x 0.1
oMy=———
2 %25
= 0.0499 moles/L
Concentration of original solution =0.0499 x 10 moles/L
=0.499 moles/L
= 0.499 x 74.5 g/L. (M, NaClIO = 74.5)
= 37.18 g/L
= 3.718 g/100 cm’
=372%w/v

Answer: (a) 0.499 moles/L, (b) 37.18 g/L, (c) 3.72%
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Chapter 16 — Rates of Reaction

16.3

()  graph
(ii) 210 seconds - the reaction is complete at a time of 210 seconds as after this time,
the volume of O, evolved remains constant at 200 cn’.

150 3
(iii)  Fraction of H,O, decomposed in first minute = —— = —
200 4
165
(ii)
V xM
number of moles of b,SO4 =
1000
25x0.1
= =25x%x10"
1000

/n+H,SO, 000 - ZnSO4 + Hy
H,SO4 U 00O — Hy (shortened version of equation)
Imole U U0 - 1mole
Imole U OO - 224L ats.t.p.
ie.2.5%10° mole H,SO, 0 0 0O — (2.5 % 102 x22.4) L of H, at s.t.p.
=0.056 L of H,
=56 cm’
(iv)  graph

(iv) Some sample results from the graph:

545-355 19

Any value between 9.5 — 11 cm’/min is acceptable.
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Chapter 17 — Chemical Equilibrium

17.6

o CH;COOH + C,HsOH ¢ CH;COOC,Hs + H,O
Initially: 1 1 0 0

At Equil. 0.33 0.33 0.67 0.67

Conc. at equil.  [0.33 / V] [0.33/V] [0.67/ V] [0.67/ V]

V is the volume of the container which we are not given in the question.

[CH;COOC,Hs] [H>0] (0.67/ V) (0.67/ V)
K. = -

[CH3;COOH] [C,HsOH] . (0.33/V) (0.33/V)

The V terms cancel out in the Kc expression

(0.67) (0.67)
O K¢ = = 4.12
(0.33) (0.33)
Answer: K. =4.12
177
2HI € H + L
Initially 1 0 0
At Equil. 1-0.2 0.1 0.1
=0.8
Conc. atequil.  [0.8] [0.1] [0.1]
(V=1L)
[Hz] [I]
K. =
[HI]
(0.1) (0.1)
O K¢ = = 0.0156
(0.8)?

Answer: K. =0.0156
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17.8
(i) 2BrCl 0 B, + Cb
Initially 0.9 0 0
At Equil. 09-0.8 0.4 0.4
=0.1
Conc. at equil. 0.1 0.4 0.4
(V=5L) 5 5 5
=[0.02] = [0.08] =[0.08]
[Br2] [Ch]
Ke=———
[BrCl]
(0.08) (0.08)
0 Kc=———— =16
(0.02)
ivy BrCl 2 Br, + %I,
[Brz]l/z [Clz]l/Z
Ke=— =VK,

[BrCl]

0 K.=V16=4

Answer: (i) K. = 16
iv)K.= 4
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Chapter 18 — pH and Indicators

18.2

(@) pH=-log o [H]="-1log o (107)
=7

(b) pH="-1log 1o [H]=-log 10 (4 x 107)
=2.40

(¢) pH="-1log o [H']="-log 0 (2.62 % 10
=7.58

(d) pH=-1log o [H']=-log 0 (5.2 x 107%)
=2.28

(e) pH=-1log o [H]=-1log 10 (8.7x 10"
=10.06

18.3

(@) pH=-1log 1o [H]=5.65
log 1o [H]=-5.65
0 [H']=antilog (- 5.65)
=2.24 % 107 mol/lL

(b) pH=-log o [H']=11.15
IOg 10 [H+] =-11.15
0 [H']=antilog (- 11.15)
=7.08 x 10™'* mol/L

(¢) pH=-1log o [H]=1.09
lOg 10 [H+] =-1.09
0 [H']=antilog (- 1.09)
= (.08 mol/L

(d) pH=-1log 10 [H']=7
log 10 [H']=-7
0 [H']=antilog (- 7)
=1% 107 mollL

(e) pH=-1log 1o [H]=9.65
lOg 10 [H+] =-9.65
0 [H']=antilog (- 9.65)
=2.24 x 10" mollL

18.4

(@ HCIOOO - H + Cr
Imole 0 OO0 - 1mole

0 0.I1moledJ 0O - 0.1 mole

pH=-log 19 [H+] =-log 10 (0.1)=1
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() S0, 000 -~ 2H + SO~
Imole 0 OO - 2mole
0 0.0lmole 0 0O - 0.01 x2mole
=0.02 mole

pH =-log 19 [H] = -log 10 (0.02) = 1.70

(¢) 12.6 g HNO3 / 500 cm’ = (12.6 X 2) g HNO3 /L= 25.2 g HNO3 /L
Rel molecular mass HNO; = 1 + 14 + 3(16) = 63

Mass in 1L 25.2
Number of moles of HNO3/ L = = =04
Rel molecular mass 63

HNO;OOO - H + NOy
ImoleJ OO = 1 mole
0O 04moled 0O - 0.4 mole

pH =-log 1o [H] = - log 10 (0.4) = 0.40

(d) 5.48 g HC1/ 500 cm’ = (548 x2)gHCI/L=1096 gHCI/L
Rel molecular mass HCl1= 1+ 35.5=36.5

Massin1 L 10.96
Number of moles of HC1/L = = = 0.3
Rel molecular mass 36.5

HClOOO - H + Cr
1 moled OO - 1mole
0 03mole d 0O = 0.3 mole

pH =-log 1o [H']=- log 10 (0.3) = 0.52
(e) 5.8 g H,SO4 /250 cm’ = (5.8 x 4) g H,SO4 /L= 232 g H,SO4/L
Rel molecular mass H,SO4 =2(1) +32 + 4(16) =98

Massin 1L 23.2
Number of moles of Hb,SO4 /L = = = 0.24
Rel molecular mass 98

H,SO, 000 - 2H" + SO,*
1mole J OO - 2mole

0 0.24mole J 0O - 0.24 x 2 mole
= (.48 mole

pH = - log 10 [H'] = -log 10 (0.48) = 0.32
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18.5

(@ NaOH OO0 - Na” + OH
Imole 00O - 1mole

0 0.95mole I OO - 0.95 mole

pOH = - log 10 [OH] = -log 10 (0.95) = 0.02
pH =14 —pOH =14 -0.02 = 13.98

®) NaOH 000 -~ Na" + OH
Imole 0 OO — 1 mole
O Smoles OO — 5 moles

pOH = -log 10 [OH] =-log 19 (5) =-0.70
pH =14 —pOH =14 — (-0.70) = 14.70

(¢) 1 gNaOH / 500 cr® = (1 x 2) gNaOH /L =2 g NaOH /L
Rel molecular mass NaOH= 23 +16+1=40
Massinl L 2

Number of moles of NaOH/ L = = = 0.05
Rel molecular mass 40

NaOH 00O - Na" + OH
Imole 0 OO — 1 mole
O 0.05mole d 00O - 0.05 mole

pOH = - log 19 [OH] = -log 10 (0.05) = 1.30
pH =14 —pOH = 14 —1.30 = 12.70

(d) 0.024 g KOH /L
Rel molecular mass KOH= 39+ 16+ 1=56
Mass in 1L 0.024
Number of moles of KOH /L = =
Rel molecular mass 56

KOH 000 - K" + OH
lmole J 0O - 1 mole
043 x10%mole 0 00 - 4.3 x10™* mole

pOH = - log 10 [OH] =-log 19 (4.3 x10™*) =3.37
pH=14-pOH =14-3.37=10.63
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(€) 0.37 g Ca(OH), / 500 cm® = (0.37 % 2) g Ca(OH)o/ L = 0.74 g Ca(OH), /L
Rel molecular mass Ca(OH), = 40 + 2(16) + 2(1) =74

Mass in1L 0.74
Number of moles of Ca(OH), / L= = = 0.01
Rel molecular mass 74
Ca(OH), OO0 - Ca** + 20H
Imole J 0 0 - 2 mole
0 0.01 mole J OO - 0.01 x2 mole
=0.02 mole

pOH =-log 10 [OH] =-log 10 (0.02)=1.70
pH=14-pOH =14 -1.70 = 12.30

18.6
(i) 0.3 g CHsCOOH / 50 cm’® = (0.3 x 20) ¢ CHsCOOH /L = 6 ¢ CH;COOH / L

Rel molecular mass CH;COOH = 12 +3(1) + 12 +2(16) + 1 =60

Massin1 L 6
Number of moles of CHCOOH /L = = = 0.1

Rel molecular mass 60

Hydrogen ion concentration can be found by substituting into the formula:-

[H+] = Ka X Macid

=v1.8x%x10°x0.1
= 1.8 x 10° mol/lL

pH=-log 1o [H']=-log 10 (1.34 x 107) =2.87
Answer: pH = 2.87

18.7

5x 10 mole HA / 100 cm’ = (5 x 102 x 10) mole HA /L = 0.5 mole HA / L

[W] = Ka X Macid

V55%10° x0.5

= V2.75 x 107
= 524 x 10" mol/lL

pH=-log 1o [H']=-log 10 (5.24 x 10) =2.28
Answer: pH =2.28
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18.8
Hydrogen ion concentration can be found by substituting into the formula:-

[H+] = \/ Ka X Macid

=v1.8%x107°x0.1

= v1.8x10°
= 1.34 x 10™ mol/L

Answer: 1.34 x 107> mol/L

18.9
pH=-1log 1o [H]=2.37
log 10 [H]=-2.37
0 [H']=antilog (- 2.37)

=4.27 x 10” mol/L
K. can be found by substituting into the formula:-

[H+] = Ka X Macig

Square both sides

[H+] 2= Ka X Maciq

(427%107°) = K, x1
0 K,= 1.8x107

[H+] = vV Ka X Macid

V1.8 %107 x0.05

= v9x10"
= 9.49 x 10™* mol/L

pH = - log 19 [H] = -log 1 (9.49 x 10*) =3.02

Answer: [H]=4.27 x 10~ mol/L
pH =3.02
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18.10
1M methanoic acid is 1.3% dissociated 1.e. 1.3% of 1 mole
1.3
=— x 1=0.013 mole of H' ions are formed
100
K can be found by substituting into the formula:

[H+] = \/ Ka X Macid
Square both sides
[H?= K, X [acid]

(0.013)* = K, x 1

0 K.= 1.69%10"
=1.7x10*

pH =-log 1o [H']=-log 10 (0.013) = 1.89
Answer: pH = 1.89

18.11

1.5 g C,HsNH, /250 cm® = (1.5 x 4) g C,HsNH, /L= 6 g C,HsNH, /L
Rel molecular mass C;HsNH, = 2(12) + 5(1) + 14 + 2(1) =45
Massin 1 L 6

Number of moles of C;HsNH, /L = = = 0.133
Rel molecular mass 45

Hydroxide ion concentration can be found by substituting into the formula:

[OH_] = \/ Kb X Mbase

= V4.4 x107* x0.133

= v 5.852 x107°
= 7.65 %1073 mol/L

pOH = - log 1o [OH] = -log 19 (7.65 x107) = 2.12
pH=14—pOH=14-2.12 = 11.88

Answer: pH = 11.88
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18.13
(i) C,HsCOOH +NaOH O O O - C,HsCOONa + H,0

Ethanoic acid Sodium Hydroxide
V,= 25 cnt’ V=7 cm’
M,=0.1M Mp=0.1 M
n, =1 n,=1
Va x Ma Vbx Mb

Ny Iy
25 x 0.1 Vpx 0.1

1 1

25 x 0.1
Vo= = 25cm’
0.1

Answer: 25 cn’

18.17
(i) HCOOH +NaOH 0 O O — HCOONa +H,0

Methanoic acid Sodium Hydroxide
V.= 7? cm’ V= 25 om’
M,=0.1M Mp=0.108 M
n,=1 n,=1

Va X M, Vi X My

Ny Ny

Answer: 27 cn’
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Chapter 19 — Environmental Chemistry — Water

Teachers may wonder why the sequence of steps involved in water treatment (pages 269
— 271 in textbook) is slightly different from that studied at Junior Certificate level in The
World of Science (page 233). As a result of increased demand for water in recent years,
modern water treatment plants do not have the capacity to store vast quantities of water.
Therefore, flocculation is now carried out before settlement rather than first storing the
water, allowing particles to settle and then carrying out flocculation.

19.3
Given:- Ca’" edta
Vea= 100 cm®
Mca=7? Vca X Mca Ved X Med
nc, = 1 — = —
Ved =25 cm?® nca Ned
Meg=0.025 M
Neg= 1 100 x Mc, 25 % 0.025
1 1
25 % 0.025
U Mca =
100

= 6.25 x 10~ moles/L CaCOs

= 6.25 % 10° x 100 g/L CaCOs (M, CaCO3 =100)
=0.625 g/L CaCOs

=0.625 x 1,000 mg/L. CaCOs3

=625 mg/L CaCO;

=625 p.p.m. CaCO3

Answer: Total hardness of water = 625 p.p.m.

19.4

(vi) Total hardness

Given:- Ca®* edta

Vea= 100 cm®

Mca=7? Veca X Mca Ved X Med

ney = 1 — ———

Veq= 19cm’ nca Neg

Meg=0.01 M

Neg = 1 100 X Mc, 19 x 0.01
1 1

62

This document is available free of charge on § stUdocu

Downloaded by thomas donnay (kunal.ucluhsoc@gmail.com)


https://www.studocu.com/en-gb?utm_campaign=shared-document&utm_source=studocu-document&utm_medium=social_sharing&utm_content=chemistry-live-complete-textbook-in-full

Chemistry Live! — Worked Solutions

Permanent hardness

Given:-

Vea= 100 cm’
MCa =7

Nca = 1

Ved=06 cm’
Mg=0.01 M
Neg = 1

19 % 0.01
U Mca =
100

= 1.9 x 10”* moles/L CaCOs
= 1.9x 10° x 100 g/L. CaCO3 (M; CaCO3 =100)
=0.19 g/L CaCO;
= 0.19 x 1000 mg/L CaCO;

=190 mg/L CaCOs

=190 p.p.m. CaCOs3

Ca’" edta

VCa X MCa Ved X Med

NCa Ned

100 X Mca 6 x0.01

1 1

6 x0.01
U Mca =
100

= 6 x 10" moles/L CaCO;

= 6x 10™* x 100 /L CaCO3 (M, CaCO3 =100)
=0. 06 g/L CaCO;s

= 0.06 x 1000 mg/L CaCOs

=60 mg/L CaCO;

=60 p.p.m. CaCOs

Hardness due to calcium hydrogen carbonate (temporary)

= Total hardness — Permanent hardness
=190 — 60 =130 p.p.m.

Answer: Total hardness of water = 190 p.p.m.
Hardness due to calcium hydrogen carbonate = 130 p.p.m.
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19.6

Total suspended solids = 0.52 g / 250 cm’
=0.52 x4 gL
=0.52 x 4 x1,000 mg/L
= 2080 p.p.m.

Total dissolved solids = 0.34 g / 100 cm’
=0.34x 10 g/L
=0.34 x 10 x1,000 mg/L
= 3400 p.p.m.

Answer: Total suspended solids = 2080 p.p.m.
Total dissolved solids = 3400 p.p.m.
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19.7

Given:-

Vo= 100 cm’
M, = ?

no =

V,= 8.8 cm’
M= 0.02 M
n =4

O, 82032_
V() X M() VI‘ X MI'
Ny ny
100 x M, 8.8 x0.02
1 4
8.8 x0.02
0 My= ———
4 x 100

= 4.4 x 10™* moles/L

= 44 x 10™ x 32 g/L (Rel molecular mass O, =32)

=0.01408 g/L

= 0.01408 x
=14.08 mg/L

1000 mg/L

=14.08 p.p.m.

Answer: Dissolved oxygen = 14.08 p.p.m.

19.9
Given:-

Vo= 150 cm®
M,=7?

n, =1
V,=21.7 cm?
M;=0.01 M

n =4

Vo

O,

82032_

XMO erMr

n,

150 x M,

n

21.7x0.01

U M,

Answer: Dissolved oxygen = 11.58 p.p.m.

1

4

21.7x0.01

4 x 150
=3.62 x 10

=3.62 x10™ x 32 g/L (Rel molecular mass O, =32)

moles/L

=0.01158 g/L

= 0.01158 x
=11.58 mg/L

1000 mg/L

=11.58 p.p.m.
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19.10
Given:- 0, S,05%
V, =300 cm’
MOZ? VOXMO erMr
n, =1 =
V,=14.7 cm® o N
M, =0.02 M
n =4 300 x M, 14.7 x 0.02
1 4
14.7 % 0.02
4 %300
=2.45 x 10"* moles/L
=245 x 10* x 32 g/L (Rel molecular mass O, = 32)
=7.84%107 gL
= 7.84 x 107 x 1000 mg/L
=7.84 mg/L
=7.84 p.p.m.
After S days
Given:- 0, S,05%
Vo= 300 cm®
M, = ? V, X M, V, X M,
n, =1 _ = —
V,=4.8 cm’® n, n;
M,=0.02 M
n=4 300 x M, 4.8 x0.02
1 4
4.8 x 0.02
O M, =
4 x 300

= 8 x 10~ moles/L
= 8 x 10~ x 32 g/L (Rel molecular mass O, = 32)
=2.56x 107 gL
=2.56 x 10 x 1000 mg/L
=2.56 mg/L
=2.56 p.p.m.
B.O.D. in diluted sample = 7.84 — 2.56 = 5.28
But since the original water sample was diluted twenty times
[J B.O.D. of original water sample = 5.28 x 20 = 105.6 p.p.m.

Answer: B.0.D.=105.6 p.p.m.
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Chapter 21 — Fuels and Heats of Reaction

21.12
Mass of solution = 500 g = 0.5 kg

Temperature rise = 18.2 - 14.8 =3.4 °C
Specific heat capacity = 4,060 J kg! K

Heat liberated = mass X specific heat capacity X temp. rise
=0.5%x4,060 x 3.4

=6,9021]
volume X molarity 250 x 0.5
Number of moles of HCI neutralised = = =0.125
1000 1000
i.e. 0.125 mole HCI neutralised liberates 6,902 J
6,902
0 1 mole HCI neutralised liberates =55,216]
0.125

Since for HCI, 1 mole of acid gives 1 mole of H' ions
[ Heat of neutralisation = - 55.216 kJ mol’!
i.e. HCl + NaOH —> NaCl + HbO  AH =- 55.216 kJ mol!

Answer: Heat of neutralisation = - 55.216 kJ mol’!
21.13

Mass of solution =200 g =0.2 kg

Temperature rise = 6.8 °C

Specific heat capacity = 4,200 J kg! K

Heat liberated = mass x specific heat capacity X temp. rise

=0.2x4,200 X 6.8
=57121]
volume X molarity 100 x 0.5
Number of moles of H,SO4 neutralised = = =0.05
1000 1000
1.e. 0.05 mole H,SO4 neutralised liberates 5,712 J
5,712
O 1 mole H,SO4 neutralised liberates =114,2401]
0.05
=114.24 k]
i.e. H,SO4 +2NaOH —> Na,SOy4 + 2H,0 AH =- 57.12 kJ mol”!

2H" +20H >2H,0
Since, by definition, heat of neutralisation involves just 1 mole of H' ions reacting with
1 mole of OH ions to form 1 mole of H,O
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-114.24
[0 Heat of neutralisation=——— = - 57.12 k J mol’' AH = - 57.12 kJ mol!
2
Answer: Heat of neutralisation = -57.12 kJ mol !

21.14
Heat of neutralisation = - 57. 2k Jmol'!  i.e. 1 mole HCl neutralised liberates 57,200 J

volume X molarity 50 x 1
Number of moles of HCI neutralised = = =0.05
1000 1000

O 0.05 mole HCI neutralised liberates 0.05 x 57,200 = 2,860 J

Mass of solution = 100 g = 0.1 kg
Temperature rise = ?

Specific heat capacity = 4,200 J kg!' K
Heat liberated = 2,860 J

Heat liberated = mass x specific heat capacity X temp. rise

Heat liberated

[ Temp. rise =
mass X specific heat capacity
2,860
=—=6.81°C
0.1 x 4,200

Answer: Temperature rise = 6.81 °C

21.15
Required Equation: 2C ) + 3Hy () U O U - CyHs (g AH =?

(a) X 2 2C+02 OO0 = 2C0; AH =-787 kJ mol’!
(b) x 3 3Hy (g + 1%02( 000 - 3H0 AH = -857.4 kJ mol’!

(c) reversed X J2CO 3 (g + 3H0 (g

>CyHg @ +3%0 2( AH=1,559.8 kJ mol’!

2C(s) + Qg_ggg_'i‘ 3H, ) +-171/2-O_2_ég) #2-@04_@+4HTQ@-D g - 2@92_%} +3—Hg_.9_€g_)+ C,Hg

@ T3 2
1.e. 2C Ok 3H, (2 000 - CyHg (2 AH =-84.6 kJ mol’l
Answer: AH = -84.6 kJ mol’!
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21.16

Required Equation:- HCOOH ;) U O O - CO (g + HyOq AH =?

(a) C+ %0y 000 - CO AH =-111 kJ mol’
(b) Hy @+ 2020 00 - HOq AH = -285.8 kJ mol’!
(c)reversed HCOOH; U0 O - Hy g+ Oz + Cyy AH = 424.7 kJ mol’!

G@‘i‘ 1/2-@.7__(.@"' HQ_(.gyi‘ Ol/r_g_(.g.)"' HCOOH([) god - CO @ T HzO(]) Hg.@.)"‘@g_eg.} +@€S}
ie. HCOOH;, 0 OO - CO ¢ + H0Oy AH = 27.9 kJ mol'!

Answer: AH = 27.9 kJ mol’!

%ired Equation - Cg) + 7202 OO0 - CO (g AH =?

(a) C+02 000 - COs AH = -393 kJ mol’!

(b) reversed x 2 COz U U0 - COg +720; AH = 285 kJ mol'!
C )+ 02(+E€Bag D00 — €Oay—+ CO + %0 12y

ie. Ce + %02 000 - CO AH = -108 kJ mor’

Required Equation - %2Nj () + /202 () U O U - NO (g AH =?

(€)X ¥ YiNa (@ + Oz 000 = NOy (g AH = 33 kJ mol™!
(d) reversed x 5 NOs 000 - NOg + %02  AH=57kJ mol

72Nz () + 02 (g) ¥l U I - N+ NO(g + 7202y

ie. %Ny + %0y 000 - NO AH = 90 kJ mol™

Answer: Carbon monoxide: AH = -108 kJ mol ™!
Nitrogen monoxide: AH = 90 kJ mol !
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Chapter 24 - Stoichiometry II

24.1

Relative molecular mass C¢H;2,06 = 6(12) + 12(1) + 6(16) =180
Relative molecular mass C;HsOH =2(12) + 5(1) + 16 + 1 =46

Mass 20
Number of moles of C¢H 2,06 = = =0.11
Rel molecular mass 180

CsH120 U OO - 2C,HsOH + 2CO»
Imole 0O OO - 2moles
00.11mole OO O - 0.11 x 2 mole
= (.22 mole
=0.22 x 46
=10.12 g
i.e. the theoretical yield of ethanol is 10.12 g

Actual yield of product
Percentage yield = x 100
Theoretical yield of product

7.5

x 100

10.12
=74.11%
Answer: Percentage yield of ethanol is 74.11%.

24.2

Assume ethanol is the limiting reagent.

Relative molecular mass C;HsOH =2(12) + 5(1) + 16 + 1 =46

Relative molecular mass CHsCOOC,Hs = 12 + 3(1) + 12 +2(16) + 2(12) + 5(1) = 88

Mass 21
Number of moles of ethanol = = =0.46
Rel molecular mass 46

CH;COOH + C,HsOH 0O OO - CH;COOC,Hs+ H,O
Imole OO0 - 1mole
0 0.46 moles [ 0 O — 0.46 moles

=0.46 x 88
=40.48 g
1.e. the theoretical yield of ethyl ethanoate is 40.48 g
Actual yield of product
Percentage yield = x 100

Theoretical yield of product
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20
= x 100
40.48

=49.41%
Answer: Percentage yield of ethyl ethanoate is 49% (to nearest whole number)
24.3

(i) Relative molecular mass C;HsOH =2(12) +5(1) + 16 + 1 =46
Relative molecular mass Na,Cr,07.2H,0 =2(23) + 2(52) + 7(16) + 2(18) =298

Mass 11.04
Number of moles of ethanol = = = 0.24
Rel molecular mass 46
Mass 17.88
Number of moles of sodium dichromate = = = 0.06
Rel molecular mass 298

3C,HsOH + Cn0;* +8H 000 - 3CH;CHO +2Cr'" +7H,0
3 moles 1 mole

0 0.06 x 3 mole 0.06 mole
= (.18 mole

0.18 mole of ethanol would react with 0.06 mole of dichromate. However, there is 0.24
mole of ethanol present, i.e. the ethanol is present in excess.

(ii) Rel molecular mass mass CHsCHO =12 +3(1) + 12 + 1+ 16 =44
The dichromate is the limiting reactant, so we calculate the percentage yield of ethanal on
the amount of dichromate present.

3C,HsOH + Cn0O,> +8H' 000 - 3CH;CHO + 2Cr" + 7H,0

1mole O OO - 3 moles
0 0.06mole 0 00 — 0.06 x 3 mole

=0.18 mole
=0.18 x 44
=792¢g
i.e. the theoretical yield of ethanal is 7.92 g
Actual yield of product
Percentage yield = x 100
Theoretical yield of product
2.97
= x 100
7.92
=37.5%

Answer: (i) The ethanol is in excess.
(i1) Percentage yield of ethanal is 37.5%.
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24.4
(i) Relative molecular mass Na,Cr,O7.2H,O0 = 2(23) + 2(52) + 7(16) + 2(18) =298
Relative molecular mass C;HsOH =2(12) + 5(1) + 16 + 1 =46

Mass 29.8
Number of moles of sodium dichromate = = =0.1
Rel molecular mass 298

Mass of ethanol = Density X Volume =0.8 X 6.9 =5.52 g

Mass 5.52
Number of moles of ethanol = = =0.12
Rel molecular mass 46

3C,HsOH +2Cr07~ +16H° 000 - 4Cr* +3CH;COOH + 11H,0
3 moles 2 moles

i.e. 1 mole of ethanol reacts with /3 mole of dichromate.

0 0.12 mole of ethanol reacts with %/; X 0.12 = 0.08 mole of dichromate

1.e. 0.08 mole of dichromate would react with 0.12 mole of ethanol. However, there is
0.1 mole of dichromate present. Therefore, the dichromate is present in excess.

(i) Relative molecular mass CHsCOOH =12 + 3(1) + 12 + 2(16) + 1 = 60
The ethanol is the limiting reactant, so we calculate the percentage yield of ethanoic acid
on the amount of ethanol present.

3C,HsOH +2Cn0-,> +16H 000 - 4CF" +3CH;COOH + 11H,0
Smoles DO OOUOOOOOONOO — 3 moles
0D012moles ] 00000 OO0OOO - 0.12 moles

=0.12 x 60
=72¢g
i.e. the theoretical mass of ethanoic acid is 7.2 g
Mass
Density =
Volume

[J Mass = Density X Volume
= 1.06 x 54 =5.724 g (actual mass of ethanoic acid)

Actual yield of product
Percentage yield = x 100
Theoretical yield of product

5.724
= x 100
7.2

79.5%

Answer : (i) The sodium dichromate is in excess.
(i1) Percentage yield of ethanoic acid is 79.5%.
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24.5

Relative molecular mass Fe;O; =2(56) + 3(16) = 160
Relative atomic mass C= 12

Relative atomic mass Fe = 56

Mass 500
Number of moles of iron (III) oxide = = =3.125
Rel molecular mass 160
Mass 50
Number of moles of carbon = = =4.167

Rel atomic mass 12

2Fe,03 + 3C 000 - 3CO, + 4Fe

2 moles 3 moles
0 4.167 x?%; moles  4.167 moles
=2.778 moles

2.778 moles of iron (IIT) oxide would react with 4.167 moles of carbon. However, there
is 3.125 moles of iron (III) oxide present, i.e. the iron (III) oxide is present in excess.

The carbon is the limiting reactant, so we calculate the maximum mass of iron obtainable
on the amount of carbon present.

2Fe; 05 + 3C O0O0O - 3CO, + 4Fe
3moles [0 - 4moles
0 4.167moles 0 0 0 - 4.167 x 1'/3 moles
= 5.556 moles
=5.556 x 56
=311 g (theoretical mass of iron)
0 Maximum mass of iron produced =311 g

Answer: Maximum mass of iron obtainable = 311g .
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24.6

(a_)Calculation of percentage yield of ethanal
Relative molecular mass Na,Cr,07.2H,0 = 2(23) + 2(52) + 7(16) + 2(18) = 298
Relative molecular mass C;HsOH =2(12) + 5(1) + 16 + 1 =46
Relative molecular mass CHsCHO = 12 +3(1) + 12+ 1 +16 =44

Mass 8.94
Number of moles of sodium dichromate = = =0.03
Rel molecular mass 298

Mass of ethanol = Density X Volume =0.8 X 6.9=5.52 g

Mass 5.52
Number of moles of ethanol = = =0.12
Rel molecular mass 46

3C,HsOH + Cn0Os> + 8H 000 - 3CH;CHO +2Cr"+ 7H,0
3 moles 1 mole
0.09 mole 0.03 mole

From the balanced equation, 1 mole of dichromate reacts with 3 moles of ethanol.
Therefore, 0.03 mole of dichromate would react with 3 x 0.03 = 0.09 mole of ethanol.

However, there is 0.12 mole of ethanol present, i.e. the ethanol is present in excess. In
other words, the sodium dichromate is present in limiting amount.

Since the sodium dichromate is the limiting reactant, we calculate the percentage yield of
ethanal on the amount of sodium dichromate present.

3C,Hs0H + Cn0,> + 8H 000 - 3CH;CHO +2Cr+ 7H,0
Imole OO O - 3 moles
0 0.03mole 0 OO - 0.03 x 3 mole
=0.09 mole
=0.09 x 44
=39g
i.e. the theoretical yield of ethanal is 3.96 g

Actual yield of product
Percentage yield of ethanal = x 100
Theoretical yield of product

1.62
= x 100
3.96

= 40.91%
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(b) Calculation of percentage yield of ethanoic acid
Relative molecular mass C,HsOH =2(12) + 5(1) + 16 + 1 =46
Relative molecular mass CH;COOH = 12 + 3(1) +12 + 2(16) +1 = 60

Mass of ethanol = Density X Volume =0.8 x2.3 = 184 ¢g
Mass 1.84

Number of moles of ethanol = = =0.04
Rel molecular mass 46

Number of moles of sodium dichromate [as calculated in part (a)] = 0.03

3C,HsOH + 2CnO- > +16H 000 - 4Cr" +3CH;COOH + 11H,0
3 moles 2 moles

i.e. 1 mole of ethanol reacts with 2/5 mole of dichromate
Therefore, 0.04 mole of ethanol reacts with 2/5 x 0.04 = 0.027 mole of dichromate
1.e. 0.04 mole of ethanol would react with 0.027 mole of dichromate.

However, there is 0.03 mole of dichromate present. Therefore, the dichromate is present
in excess, 1.e. the ethanol is the limiting reactant.

Since the ethanol is the limiting reactant, we calculate the percentage yield of ethanoic
acid on the amount of ethanol present.

3C,HsOH + 2Cn0O-> +16H" 000 - 4Cr" +3CH;COOH + 11H,0
Smoles OO OUOOOOOOOO - 3moles
0004mole0 00000000 DODODODO - 0.04 mole

=0.04 x 60
=24¢g
i.e. the theoretical yield of ethanoic acid is 2.4 g
Actual yield of product
Percentage yield of ethanoic acid = x 100

Theoretical yield of product

1.73
= x 100
2.4

=72.08%

Answer : (a) Percentage yield of ethanal is 40.91%.
(b) Percentage yield of ethanoic acid is 72.08%.

75

Downloaded by thomas donnay (kunal.ucluhsoc@gmail.com)



